Introduction

25
Atmospheric concentrations of the greenhouse gases (GHGs) such as carbon dioxide climate change (Keith, 2000) .
33
Proposed geoengineering methods are classified into two main groups: Solar Radiation 34 Management (SRM) methods and Carbon dioxide Removal (CDR) methods (Shepherd et al., 35 2009). In the first approach, the amount of solar absorption by the planet is reduced by 36 artificially enhancing the planetary albedo so that the reduced insolation compensates the 37 radiative forcing due to rising GHGs. Some proposed methods are injecting sulfate aerosols in 38 the stratosphere (Budkyo,1982; Crutzen, 2006; Wigley, 2006) and placing space based sun 39 shields in between the Sun and the Earth (Early, 1989) . CDR methods propose to accelerate the is lacking. In this study, we perform multiple idealized SRM geoengineering simulations with 62 constant total amount of sulfate aerosols but with systematically varying latitudinal distribution.
63
We caution that our simulations are highly idealized and they are not meant to represent 64 realistic latitudinal distribution of aerosols in geoengineering scenarios. Rather, they are designed 65 to elucidate the fundamental properties of the climate system when the latitudinal distribution of 66 aerosols and hence solar insolation reduction is systematically altered. We believe that our study 67 should be considered as complementary to a previous work (Ban-Weiss and Caldeira, 2010),
68
because not only we vary the latitudinal distribution of aerosols but we also provide a constraint 
Model and Experiments
74
We used the atmospheric general circulation model, CAM3.1 developed at the National
75
Center for Atmospheric Research (NCAR) (Collins et al., 2004) . It is coupled to the land model We performed two sets of simulations: 1) fixed-SST (sea surface temperature) 82 simulations to estimate the radiative forcing which is measured as the net radiative flux change at 83 the top of the atmosphere (Hansen et al., 1997 prescribed at TOM, the effect is essentially equivalent to making latitudinal changes to the solar 100 constant. Sulfate aerosol particle size is prescribed and is assumed to be log-normally distributed Besides a simulation with uniform aerosol concentration, our geoengineering simulations 106 can be grouped into two categories: 1) Three "Tropics" simulations with maximum aerosol 107 concentrations at the equator and 2) Six "Polar" cases with maximum concentrations at the poles.
108
The latitudinal distribution of the stratospheric sulfate aerosol concentration are developed using We find that the radiative forcing for doubling the atmospheric CO 2 (2xCO 2 ) to be 3.5 by the standard deviation of the control scenario (NRMSD). A value less than 1 for NRMSD 210 would suggest that the geoengineered climate is indistinguishable from the control climate.
211
Further, the geoengineering simulation with the smallest value for this quantity is the one that is 212 closest to the control. In our study, we find that the NRMSD for temperature increases as the 
296
In this study, we have not considered the consequences of detailed stratospheric dynamics carbon cycle to investigate the impacts of altered diffuse radiation in a future study. However, we 303 believe our results on temperature and precipitation is so fundamental that they would be 304 unchanged when additional components and feedbacks are included.
305
In summary, for a fixed total mass of aerosols, we find that the global mean climate is 306 warmer and wetter when aerosol concentration is maximum over the poles relative to the uniform 307 distribution case (which offsets global mean temperature change) because the global mean 
